Introduction
Chronic kidney disease (CKD) is a major health problem in the United States. 1 With a prevalence of 13.1% and growing, 2 it is associated with major health care expenditures, totaling $41 billion in 2010, which accounts for 17% of the total Medicare spending for the year. 3 The leading causes of CKD include poorly controlled diabetes, hypertension, chronic glomerulonephritis, and polycystic kidney disease. 4 Other risk factors include older age, cardiovascular disease, smoking, obesity, hyperlipidemia, chronic urinary tract obstructions, malignancy, and socioeconomic status. 2, [4] [5] [6] [7] There has been a significant amount of interest in occupation as a risk factor for CKD, given the size of the associated risk and the fact that occupational factors are uniquely preventable. However, the epidemiological evidence for delineating the complex interactions between occupational risk factors for CKD is scarce. Reports on occupational risk factors have focused on the exposures to nephrotoxins, including lead, mercury, glycol ethers, organic solvents, copper, chromium, tin, mercury, welding fumes, silicon-containing compounds, and grain dust. [8] [9] [10] [11] Nevertheless, occupational effect is not limited to nephrotoxins. In fact, individuals at risk are not only those who are in occupations with the highest burden of nephrotoxin exposure. 12 Lower socioeconomic status appears to be independently associated with increased risk for CKD. 6, 7, 13 Additionally, high-stress behaviors have been found to be associated with increased sympathetic activity 14 that in turn, has been found to be associated with higher risk for initial stage renal disease as well as advanced stage renal failure. [15] [16] [17] [18] The quantitative burden of CKD associated with occupational exposure is unknown. The reported extent of occupational effects on CKD has been suggested to be underestimated. 12 It was reported that of all occupation-related CKD deaths, about 8.2%-14.5% are attributable to silica, organic solvents, lead, and cadmium exposures. 19 Occupations such as cashier, sales representative, carpenter, and manager have been found to be associated with the increased mortality risk for CKD. 20 Job settings in hospitals, eating and drinking places, and construction sites have also been found to be associated with the risk of developing CKD. 20 It is thus essential to identify specific occupations associated with CKD for the further understanding of the mechanism of how these occupations increase CKD risk. There has not been a population-based study that examines a comprehensive list of occupations in order to identify the high-risk occupations in the United States. Therefore, the purpose of this study was to examine the US general population to identify high-risk occupations for CKD. The working hypothesis was that different types of occupations are associated with a different level of risk of developing CKD.
Materials and methods

Study design and subjects
The National Health Interview Survey 21 (NHIS) is a nationwide cross-sectional survey, conducted annually by the National Center for Health Statistics, Centers for Disease Control and Prevention (CDC) as in-person interviews, using a complex, multistage sampling design. 22 It is the principal source of information on the health of the civilian, noninstitutionalized population of the United States. The NHIS has been conducted continuously since its beginning in 1957. In 1988, an occupational health supplement, sponsored jointly by the National Institute for Occupational Safety and Health and the Bureau of Labor Statistics, was added to the core questions. 23 It was designed to provide US national prevalence estimates for selected occupational conditions and their risk factors. Detailed descriptions of the data sets have been previously published. [24] [25] [26] The study was approved by the local institutional review committee. During the 5-year period spanning 2004 to 2008, 132,203 adults of the US general population participated in the NHIS survey, of which 91,340 were included in this analysis, based on the following criteria: The first criteria was age between 18 and 70 years. We limited the age of participants to younger or equal to 70 years of age to reflect exposure to occupation. Second, several ethnic groups with smaller numbers of subjects were not included in the final analyses because there were insufficient numbers of subjects to allow examination of ethnic differences in the associations between occupational exposure and risk of CKD. We included all White and Black/African American participants who identified themselves with an occupation as either currently working or ever worked. Lastly, those with cancers were excluded because previous study showed that they had different risk factors for CKD than other workers. 27 
Variables
As the main outcome measure, CKD was defined as having weakening/failing kidneys in the past 12 months, as diagnosed by a physician. The independent variable was occupation. Using the census occupational codes, regrouped according to the North American Industrial Classification System (NAICS), 28 income, health insurance coverage, access to health care, coronary heart disease, stroke, cancer, diabetes, smoking status, body mass index (BMI), high cholesterol, lupus, and taking diuretics for any health conditions were also collected as variables.
Statistical analysis
Demographic characteristics as well as the occupations were assessed by univariate analysis. A base logistic regression model for CKD was developed, using occupation as independent variable and confounders according to the result of the univariate analysis and a step-wise model construction. Inclusion of potential confounders in the models was based on a review of the literature and changes in effect estimates of at least 10% in a step-up regression. Age, gender, ethnicity, and hypertension status, and education were included. Other potential confounders, including income, need for medical care and not receiving it, health insurance coverage, coronary heart disease, stroke, high cholesterol, diabetes, lupus, BMI (obesity), taking diuretics for any health conditions, and smoking status, did not change the effect of occupation on CKD by more than 10% and therefore were not included in the analysis. Finally, the number of participants having CKD in past 12 months and all explanatory variables were estimated using the SURVEYFREQ procedure of the SAS statistical package. We also performed logistic regression on the survey weighted data with the SURVEYLOGISTIC procedure of the SAS statistical package, so that the results would truly reflect the percentages in the US population, even though data were taken from a sample. The calculation followed a weight algorithm that was developed based on the comparison of the study population with US census 2000 data. All tests were two-sided at a 5% significance level. SAS version 9.1.3 (SAS Institute Inc, Cary, NC, USA) was used for all analyses. 29 
Results
A sample of 91,340 participants were included in this study, of which 53.1% were females, 83% were white, 72.3% had BMI of less than or equal to 30, and 57.2% were nonsmokers. Among the study participants, 1.3% had CKD in the past 12 months. The majority of the subjects had health insurance (94.1%). Most subjects did not have coronary heart disease (97.2%), stroke (98.3%), or diabetes (92.5%) ( Table 1) .
By a univariate analysis, we found that older workers and workers with hypertension had an increased risk for CKD. Among all variables studied, the following occupations were associated with the most increased risks for occupation-associated renal failure, where those at high risk were found to be workers in construction, eating/drinking places, hospitals, and agriculture, and household cleaners/ servants. 20 Contrary to the prevalent belief that occupational risks of CKD are due to exposure to nephrotoxins (as implied by the fact that most of the studies have focused on nephrotoxins), our findings showed that the highest-risk occupations for CKD are not necessarily, nor mainly, associated with exposures to nephrotoxins. In addition, the extent of occupation-and environment-associated CKD also supports the viewpoint that goes beyond nephrotoxins exposure. It has been estimated that at least 50% of patients with CKD had renal diseases due to occupational or environmental factors. 30 Although there is no accurate estimate of the prevalence of occupational nephrotoxin exposure at disease-causing level, it would be far short of affecting half of all patients with CKD. The cause for those occupation-related CKD nonattributable to toxins would require examination of the psychosocial risk factors that are inherent with certain occupations. In this study, the occupations identified as associated with higher risk of CKD are those associated with potential workplace stressors, including job strain, noise, or shift work, all of which were found to increase the sympathetic activity in the workers. 14 Newly developed techniques of sympathetic-activity assessment using microneurographic recording of efferent postganglionic sympathetic nerve traffic has made possible the evaluation of the role of sympathetic activity in the development of CKD. [15] [16] [17] [18] Sympathetic activation has been found to be associated with early clinical phases of the renal alteration as well as late clinical stages of renal failure. 16, 17 Subsequently, sympathetic deactivation has been proposed to be a target for pharmacological intervention in severe as well as in mild forms of CKD. 16 Similarly, from the perspective of behavioral intervention, we propose that alleviation of workplace stressors should be a goal in prevention of CKD, particularly in the high-risk occupations identified herewith.
The strength of this study lies in the nationally representative, large sample size that allows for investigation of risk factors for uncommon conditions. However, there are several limitations in this study. First, this was a crosssectional study, therefore, the sequence of events and length of occupation before the development of CKD could not be determined. Second, CKD was self-reported as a weak/ failing kidney diagnosed by a physician. It is possible that some patients mismatched their physicians' impression with the presence of CKD. Some might not have remembered, while others, particularly in the presence of mild forms of CKD, might not have been told. However, the extent of this mismatch should be limited: even though we were not able to obtain the laboratory evidence of CKD, the fact that the questionnaire asked specifically for a diagnosis that had been made by a physician provided reasonable assurance in preventing recall bias. Third, the categories of occupation were broadly-defined, making it difficult to extrapolate more detailed implications regarding occupation-specific risk factors, such as work-related stress, ability to have rest time, Since the prevalence of CKD is high and occupation-related causes are, in general, preventable, it would be beneficial to offer interventions to the occupationally susceptible groups, with a goal of decreasing the workplace stress in order to delay the onset of CKD or to prevent CKD completely. The findings of this study also warrant further, more detailed investigations into non-nephrotoxin-related factors, such as psychosocial risk factors, that are inherent in certain occupations. Notes: *Models were adjusted for age, sex, ethnicity, hypertension status, and education. Cases were defined as subjects with physician-diagnosed weak/failing kidneys in the past 12 months, whereas control subjects had no weak/failing kidneys in the past 12 months. §
The table is ordered by odds ratio. There were 5660 observations with cancer that were removed from the total 97,000 observations.

The rates were weighted to reflect the percentage in the US population, despite being taken from a sample. Consideration was taken and weight given to underrepresented populations. The calculation followed an algorithm that was developed based on the comparison of the study population with US census 2000 data.
‡ 95% Wald confidence interval. Reference group: Life, Physical, and Social Science occupations (because it had the lowest rate of weak/ failing kidneys in the past 12 months).
† Chi-square probability was calculated from maximum likelihood estimation. Abbreviations: OR, odds ratio; CI, confidence interval.
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